How do thermophilic proteins deal with heat?
Recent years have witnessed an explosion of sequence and structural information for proteins from hyperthermophilic and thermophilic organisms. Complete genome sequences are available for many hyperthermophilic archaeons. Here, we review some recent studies on protein thermostability along with work from our laboratory. A large number of sequence and structural factors are thought to contribute toward higher intrinsic thermal stability of proteins from these organisms. The most consistent are surface loop deletion, increased occurrence of hydrophobic residues with branched side chains and an increased proportion of charged residues at the expense of uncharged polar residues. The energetic contribution of electrostatic interactions such as salt bridges and their networks toward protein stability can be stabilizing or destabilizing. For hyperthermophilic proteins, the contribution is mostly stabilizing. Macroscopically, improvement in electrostatic interactions and strengthening of hydrophobic cores by branched apolar residues increase the enthalpy change between the folded and unfolded states of a thermophilic protein. At the same time, surface loop deletion contributes to decreased conformational entropy and decreased heat capacity change between the folded and unfolded states of the protein.